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Description

Field of the Invention

[0001] The present invention relates to an arrange-
ment for positioning in, for instance, microscoping.

Background Art

[0002] In microscopic analyses of various medicinal
preparations, for instance what is referred to as differen-
tial counting of white blood cells, it is possible to use
automatic scanning microscope systems. One example
of such a microscope system is DiffMaster™ Octavia from
CellaVision AB, which automatically scans a blood smear
which is positioned on the surface of a microscope slide.
During scanning, the microscope system must be able
to perform, inter alia, controlled positioning movements
of the microscope slide in what is below referred to as
the x/y plane whose normal is the optical axis of the mi-
croscope.
[0003] The range, i.e. the size of the scannable area,
in x and y is usually slightly smaller than that of the mi-
croscope slide, which is about 1 by 3 inches. The reso-
lution of such positioning movements can now be allowed
to have a minimum resolution which is tens of a microme-
tre. The fact that as much as tens of a micrometre can
be allowed largely depends on the progress in image
analysis and quick jointless assembling of partial images
that has been made in recent years. WO 02/084368, A1
discloses, inter alia, a method in scanning microscoping,
which solves the problem of scanning a preparation and
later returning to found partial objects also with a micro-
scope where the positioning movements have a relatively
high minimum resolution even if they are not quite re-
peatable.
[0004] Scanning of the preparation often occurs in a
meandering pattern where the x position is changed ba-
sically in each movement and where the y position is
changed only when the x position has come close to one
of the edges of the microscope slide. For the speed of
the microscope, the speed of the x positioning is therefore
more important than that of the y positioning.
[0005] To be able to focus the image of, for instance,
a blood cell to a sharp image on an image sensor in a
camera, the scanning microscope must also be able to
make controlled changes of the mutual distance between
the objective of the microscope and the microscope slide.
Such changes in distance usually occur exclusively along
the optical axis, below referred to as the z axis, and can,
depending on the depth of field of the objective used,
have to be so small as 0.1 micrometre, i.e. smaller than
a whole wavelength of visible light in vacuum. The range
in z must be about a millimetre, depending on how plane
the microscope slide is and how perpendicularly to the
optical axis the positioning in x/y occurs.
[0006] It is further desirable that the automatic scan-
ning microscope will quickly have finished its tasks. For

quick and reliable scanning of a preparation, it is not
enough to use an image sensor with a large number of
picture elements, which gives a great surface coverage
per image, or an image sensor with a high image fre-
quency. The speed of the system is also dependent on
the scanning microscope having a positioning system
which can quickly move the preparation to new desired
positions, both perpendicular to and along the optical ax-
is. Many of the positioning movements in a DiffMaster™

Octavia system are associated with fine focusing on
found cells. 200 cells per preparation at five focusing
movements per cell may be involved. The images of the
cells are taken by a CCD sensor with a shutter setting in
the order of 1 millisecond, where each pixel in the image
corresponds to about 0.1 micrometre on the preparation,
which means that the preparation must basically be ab-
solutely immovable during exposure. For each 10 milli-
seconds that the system oscillates after a focusing move-
ment, a waiting time of about 200·5·0.01 s = 10 s will be
added to the time it otherwise takes for the microscope
to analyse the preparation. It is therefore particularly im-
portant that the positioning system can make quick z
movements of exactly the desired length, with fundamen-
tally no play when changing the direction of movement
and with minimum post-oscillations in x, y and z. As dis-
cussed above, it matters less, however, where in a range
of for instance (�5 Pm, �5 Pm, �0.05 Pm) in (x, y, z)
the preparation is immovable .
[0007] The speed of the scanning microscope is also
dependent on whether the microscope, in terms of image
analysis, has access to one or more focusing methods
which allow it to use few camera images on each fine
focusing occasion. Such focusing principles will not be
discussed here but are described, for instance, in US
6341180, WO 01/11407, A2 and WO 02/39059, A1.
[0008] In addition the requirements as to range, reso-
lution, speed and stability of the positioning movements,
there are also requirements as to the production and
service costs for a commercially useful positioning sys-
tem.
[0009] There are already a number of known ways of
implementing x/y/z positioning systems for scanning mi-
croscopes. The various ways of implementation differ
from each other, among other things, by which storing
principles they use. An ideal bearing principle allows a
part journalled in bearings to make the desired move-
ments fundamentally without the presence of friction,
while at the same time it holds the stored part, without
play, along the other dimensions. The various ways of
implementation also differ from each other by what ac-
tuators and gear mechanisms they use to perform the
desired movements. The known ways of implementing
x/y/x positioning systems result in different compromises
regarding satisfying all the above-mentioned require-
ments.
[0010] In many cases the implementation of the x/y/z
positioning system is divided into an x/y part and a z part,
i.e. in a part for movements perpendicular to the optical
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axis and in a part for movements along the optical axis.
[0011] A common way of implementing the x/y posi-
tioning is to motorise the traditional microscope stage
that is to be found in most microscope stands even in the
basic design. Repeatability and resolution are in most
cases far better than the about 10 micrometres that are
mentioned as a desideratum above, which does in fact
not add much extra value to the positioning system of a
scanning microscope. However, the linear bearings and
actuators in the form of stepping motors with so-called
ball bearing screws that are used make the microscope
stages expensive to manufacture. Owing to their solid
structure, the traditional microscope stages have rela-
tively large movable masses and will therefore have rel-
atively slow acceleration as the speed is changed and
also relatively long post-oscillations at a great amplitude
for tens of milliseconds.
[0012] A common way of implementing the z position-
ing is to motorise the shaft for the manual wheel in the
traditional microscope mechanism which allows the ob-
jective, and an optional revolver, to be translated in the
z direction relative to the stand of the microscope, also
referred to as the frame. There are several drawbacks
of this way of motorisation. First, microscope frames are
relatively expensive. Second, the z mechanisms are in
most cases not completely free of play in their gear mech-
anisms when changing the direction of movement, which
results in less predictable real movements in connection
with fine focusing, thus requiring unnecessarily many
movements. The purchase price of a motorised x/y stage
intended for a microscope slide, including a traditional
microscope frame with a motorised z mechanism and a
control box for the stepping motors, may exceed one hun-
dred thousand Swedish kronor.
[0013] Another known way of implementing the z
movement is to insert a piece of piezoelectric crystal be-
tween the objective and its attachment to the microscope.
Since piezoelectric crystals have a thickness which is
dependent on the voltage applied across the crystal, the
objective will be moved in the z direction in connection
with voltage changes. The piezoelectric crystal then con-
stitutes both bearing and actuator. Piezoelectric crystals
are very rapid but involve high costs, mainly since they
require voltages in the size of kilovolt, separate power
units and accurate insulation of these live wires. Piezo-
electric z drives usually have a range of some hundred
micrometres. A greater range requires larger crystals,
higher voltages and cascade connection of a plurality of
cooperating crystals. The crystal, its encapsulation and
the separate power unit make the solution cost tens of
thousands of kronor to buy.
[0014] A further known way of implementing the z
movement is to use the principle of a common electro-
magnetic loudspeaker coil and an associated permanent
magnet, which is usually called voice coil in positioning
contexts. There exist, in relation to their mass, very strong
and thus very rapid such combinations of coil and mag-
net. For instance, this principle has been used for many

years for focusing and radial fine adjustment in connec-
tion with optical scanning of discs in CD/DVD players.
The great limitation in connection with use in micro-
scopes is that the coil and the associated objective can-
not be allowed, for reasons of vibrations, to float quite
freely in the magnetic field of the magnet, which means
that some kind of bearing must be applied, which only
allows z movements. Moreover a position sensor is nec-
essary, having a resolution of tenths of micrometres, and
a control system to make the objective immovable for a
time of exposure of, for instance, milliseconds and, if
something bumps against the microscope, to be able to
return to approximately the same position. If in addition
the bearing introduces friction in the form of a so-called
stick-slip phenomenon, the z position of the objective will
be difficult to control.
[0015] One way of performing small precision move-
ments without requiring bearings is to use what is referred
to as flexures - "böjorgan" (bending means) in Swedish.
Other English expressions are "flexible beam", "flexible
sheet", "flexure hinge" and "bending element". Below use
is made of the expression bending means to designate
a construction element which, by being elastically de-
formable, allows changes of the relative positions or the
relative directions of other construction elements con-
nected to the bending means. Below the term flexure is
used for a construction comprising at least one bending
means.
[0016] Flexures are used, for instance, in precisely the
mounting of a voice coil in a CD/DVD player and in equip-
ment for adjustments with nanometer resolution of optical
components in laser experiments. An example of prod-
ucts is the so-called NanoMax-TS™ series of triaxial stag-
es from Melles Griot. Their range is far from enough com-
pared with the need for range in x/y of the automatic
scanning microscoping that has been described above.
The stages of the NanoMax series are also not intended
for quick motorisation.
[0017] Instead of solving the entire positioning of x/y/z
in the automatic scanning microscopes with a single sys-
tem, it is possible to use a y system and an x/z system.
The y system can be solved with a simple mechanism,
which is allowed to be slower and which can be monitored
by means of the invention disclosed in WO02084368.
The x/z system should then give quick movements with
sufficient resolution and a sufficiently great range and
still be inexpensive and sufficiently stable for microscop-
ing. The range requirements are approx. a factor 10 times
greater for x compared with z, while the resolution in x
can be allowed to be approx. a factor 100 coarser than
the one in z.
[0018] A flexure which provides biaxial, i.e. two-dimen-
sional, positioning by means of two cascade-mounted
bending means, i.e. mounted in succession, is disclosed
in US4635887. The flexure allows small movements in
two dimensions perpendicular to each other and its prin-
ciples would work excellently as an x/z system for an
automaticcally scanning microscope if the range require-
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ments in x would be as small as those in z and if it would
be cheap to provide actuators with the fine resolution that
is required in z.
[0019] US 4635887 discloses a mechanism for impart-
ing very small movements to an object comprising a base
and a second base supported therefrom by parallel flex-
ure strips, with a further pair of parallel flexure strips on
the second base and supporting a platform for parallel
motion at right angles to that of the first base. Of the two
parallelograms thus formed one embraces at least part
of the structure of the other. A third parallelogram may
be formed by a similar structure to one of the first two,
so as to provide adjustable movement in a third direction
at right angles to each of the first two.

Summary of the Invention

[0020] An object of the present invention is to enable
a solution to the problems described above. This object
is achieved wholly or partly with an arrangement accord-
ing to claim 1 or its dependent claims.
[0021] The main advantage of an arrangement accord-
ing to the present invention is that it allows translating
positioning, without play, with a relatively great range in
the x direction, the first direction, with the resolution that
can be given by the actuators while at the same time the
arrangement, in a much smaller range in the z direction,
the second direction, can give a resolution which is the
smallest of the resolutions of the first and the second
actuator divided by a gear ratio which is higher than 1.
As a result, both the first and the second actuator can be
inexpensive and also adapted to the relatively coarse
resolution that is required in the x direction, while the
resulting resolution in the z direction nevertheless satis-
fies its much more stringent requirements.
[0022] The gear ratio is provided by the arrangement
according to the present invention using bending means
in a new manner. The present invention uses, inter alia,
what is normally undesirable movements of the bending
means. That both actuators according to the present in-
vention are directed to act along the same direction
means that the movements caused by the actuators in
the bending means can cooperate with each other and
compensate for each other and also that it is made pos-
sible to minimise undesirable turning of the positioned
object.

Brief Description of Figures

[0023] The present invention will now be described by
way of embodiments and with reference to the accom-
panying drawings, in which

Fig. 1 shows an example of a prior-art flexure prin-
ciple;
Fig. 2 shows an example of another prior-art flexure
principle;
Fig. 3 shows a prior-art variant of the flexure in Fig. 2;

Fig. 4 shows an example or parts of a microscope
comprising a flexure according to a first embodiment
of the present invention;
Fig. 5 shows an example of parts of a microscope
comprising a flexure according to a second embod-
iment of the present invention;
Fig. 6 shows an example of parts of a microscope
comprising a flexure according to an alternative ex-
ample not being part of the invention;
Fig. 7 shows an example of parts of a microscope
comprising a flexure according to an alternative ex-
ample not being part of the invention; and
Fig. 8 shows a variant of the flexure arrangement in
Fig. 4.

Description of an Embodiment

Construction of the Flexure

[0024] Fig. 4 shows an example of parts of a micro-
scope system comprising a flexure according to the
present invention. No y mechanism is shown in the ex-
ample. Moreover no lighting or camera is shown. The
objective 53 reproduces the object 52 which is fixedly
mounted on the first platform 41. The second platform
42, which here also serves as an attachment for the ac-
tuators 47 and 49, and also the return springs 50 and 51,
constitutes together with the bending means 44 and 45
as well as the first platform 41 and the third platform 43
the actual flexure. All intended bendings of the bending
means 44 and 45 occur at the associated hinges in a
bending plane which consists of the x/z plane and whose
normal is directed along the direction of the y axis. To
eliminate the risk of the linear actuators jamming when
the first platform 41 or the third platform 43 is not posi-
tioned just opposite the respective actuators in the z di-
rection, the link mechanisms 46 and 48 are capable of
taking up position deviations in the z direction. The return
springs 50 and 51 allow the use of link mechanisms and
actuators with a certain play in the x direction by ensuring
that the play is always caught in one and the same di-
rection.
[0025] The bending means 44 and 45 can be injection
moulded from some plastic with suitable hinge proper-
ties, such as polypropylene. The mechanical tolerances
are not very important, provided that bending means with
similar distances between the hinges are matched. The
minimum thickness of the hinges is conveniently about
a tenth of a millimetre (in the approximate x direction)
over a distance of about one millimetre (in the approxi-
mate z direction).

Function of the Flexure

[0026] In a very simple embodiment, such as in Fig. 1,
a flexure can have as bending means a flexible beam 11
whose one end is attached to a stand 12. By mounting,
for instance, an adjusting screw 13 which is threaded in
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an internal thread in the same stand, the tip of the ad-
justing screw, which exerts a pressure somewhere along
the bending means, can be made to bend the bending
means in a bending plane, whose normal is below re-
ferred to as bending axis, so that the free end 14 of the
bending means is moved. In Fig. 1, the bending axis of
the bending means coincides with the y axis. This results
in a desired movement of the free end along what is here-
inafter referred to as a primary direction, which in this
case is the x axis, at the price of a certain, smaller, un-
desired movement along another direction, which here-
inafter is referred to as a secondary direction, which in
this case is the z axis and which is perpendicular to the
primary direction. The great advantage is that bearings
and, thus, friction and play are not to be found in the
actual bending means. A further advantage is that the
elastically deflected bending means strives to restore its
straight shape, and therefore the actuator in the form of
the adjusting screw is affected by a returning force whose
x component continuously acts in the negative direction
of the x axis. Therefore a possible play between the ad-
justing screw and its internal thread in the stand will all
the time be caught in the same direction. This means that
no reversing jump occurs in connection with a change of
direction of movement of the bending means. Such a
flexure can thus take care of the possible play of the
actuator in the primary direction of the flexure.
[0027] In most cases the bending means is not a sep-
arate flexible beam but can, like in Fig. 2, be a parallel-
ogram where two opposite easily flexible sides 21 and
22, respectively, have the same bending axis y while the
other two sides 23 and 24, respectively, have a flexibility
which in comparison is negligible. Here, too, the desired
movement occurs along the x axis and the undesired
movement along the z axis. For the two easily flexible
sides to have identical torque and force strains, and thus
identical deflection geometries, the tip of the adjusting
screw 25 should optimally be in contact with a point 26
which in the z direction is positioned halfway between
the attachments of the easily flexible sides to the side 23
and the side 24, respectively.
[0028] It is quite possible, like in Fig. 3, to replace the
continuously flexible sides 21 and 22 of a constant thick-
ness with beams 31 and 32, which are designed so that
they are only bent at the associated hinges. The two rigid
sides 33 and 34 are of the same type as 23 and 24,
respectively. The returning forces of the flexure in Fig. 3
are very small, which may be advantageous from the
viewpoint of torque and force balance. However, it is a
drawback that the adjusting screw 35 must be double-
acting and at the same time free of play, or that a return
spring 36 must define the returning force. The position
of the spring in relation to the bending means 31 and 32
and in relation to the tip of the adjusting screw 35 is not
very important since the bending means 31 and 32 are
only subjected to very small forces and torques.
[0029] A drawback of the known one-dimensional and
many of the two-dimensional flexures is that they can

only be used for rather small desired movements in one
or more primary directions without the associated unde-
sired movement along another, secondary direction be-
ing great.
[0030] The size of the movement along a primary di-
mension is approximately equal to the effective length of
the included beams times the sine of the angle of incli-
nation of the centre line of the bending means, which
corresponds to the centre line 37 in Fig. 3. The size of
the undesired movement is approximately equal to the
effective beam length times a factor which is one minus
cosine of the same angle of inclination.
[0031] US4157818 discloses a two-dimensional flex-
ure where two cascade-mounted bending means each
have a primary direction but where both bending means
have the same secondary direction. To perform large
movements at small angles and, thus, with small unde-
sired movements would require long beams and cause
problems with, for instance, reduced rigidity and associ-
ated other undesired deflections of the beams.
[0032] With multiaxial flexures it is possible to adjust
the position in two and three dimensions, respectively.
US4635887 discloses a biaxial flexure which can be ex-
tended to a triaxial flexure. In its biaxial variant it is made
up so that what is the primary direction of one bending
means is the secondary direction of another bending
means, and vice versa. For the biaxial flexure it is then
possible to calculate, or iteratively test and obtain, a 2-
tuple of settings of the actuators, which compensates for
the fact that for each desired position change there is an
undesired such change. The 2-tuple can thus give the
desired two-dimensional position.
[0033] The difference between a position change in x
and how the actuator for x must be changed will be small
in relation to the position change in x. The same applies
to z. No noticeable gear ratio between actuator changes
and corresponding position changes is achieved by that
flexure.
[0034] The flexure in Fig. 4 is an example of a flexure
according to an embodiment of the present invention. It
can be said to consist of two cascade-mounted partial
flexures. The upper partial flexure consists of the first
platform 41, the third platform 43 and, positioned there-
between, parts of the bending means 44 and 45. The
lower partial flexure consists of the second platform 42,
the third platform 43 and, positioned therebetween, parts
of the bending means 44 and 45. Both partial flexures
have their primary directions along the x axis and their
secondary directions along the z axis.
[0035] As a result, the x position of the first platform
41 will consist of the sum, counted by signs, of the de-
formations of the two partial flexures along the primary
flexure direction. The changes in the x position which can
be obtained will therefore be of the same size as the
deformation changes of the partial flexures. In the way
the actuators are arranged in Fig. 4, the upper actuator
47 will fundamentally on its own determine the x position
of the first platform. The upper actuator can, if attached
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to an extension of the third platform, like in Fig. 5, be
arranged to control the deformation of the upper partial
flexure only.
[0036] The z position of the first platform 41 will depend
on the sum, counted by signs, of the deformations of the
two partial flexures along the secondary direction, which
for small angles of inclination are considerably smaller
than corresponding deformations along the primary di-
rection. The changes in the z position that can be ob-
tained will therefore be fractions of the deformation
changes of the partial flexures along the first direction.
[0037] This means that the flexure will have a position-
ing range which consists of a great possible range of the
x position and at the same time a small range of the z
position, within which the z position can be selected in-
dependently of the x position and while using a gear ratio
which allows fine adjustments in the z position with a
resolution which is a fraction of the resolutions of the
actuators 47 and 49. The present invention thus converts
what is otherwise undesired movements along the sec-
ondary direction into what gives the gear ratio and thus
the finer resolution in the z direction.
[0038] In the embodiments in Fig. 4 and Fig. 5, the two
bending means are relatively offset along the x direction.
Due to the action of the third platform, the relative dis-
placement of the bending means is maintained as the
state of the second actuator is changed.
[0039] The arrangement comprises few and simple
parts, which results in a low production cost, a relatively
compact construction and easy maintenance.
[0040] That the arrangement in focusing, i.e. in the z
positioning, moves the microscope slide, which has a
small mass, instead of, as traditionally, the objective,
which has a much larger mass, results in considerably
less vibration energy being induced in the stand of the
microscope.
[0041] A further advantage of the objective not being
moved is that the objective can then be fixed directly to
the stand of the microscope and be immovable relative
to the camera of the microscope system. Consequently,
it is thus not necessary to use so-called infinity-focused
optics, which, because of a larger number of optical el-
ements included, on the one hand is more expensive and
on the other contains more error sources than a separate
objective with a finite rear focal length.
[0042] The arrangement implies that the y positioning
is solved by a separate mechanism. Since the y position-
ing as stated above need not be very quick, it can use a
simple mechanism which is controlled according to the
principles of WO 02/084368, A1. The y positioning can
be implemented by its mechanism allowing y movements
of the slide relative to the first platform. The y positioning
can also be implemented by its mechanism allowing y
movements of the second platform, and thus the entire
two= dimensional positioning arrangement, relative to
the stand of the microscope.

Lighting

[0043] The flexure can, with suitable holes in, for in-
stance, the third platform, comprise a vertical condenser
column or be combined with a condenser that is inserted
into the flexure in the space between the first 41 and the
third 43 platform. The flexure can also be used with re-
flective lighting, in which case the lighting comes through
the objective.

Actuators and their Resolution

[0044] The actuators 47 and 49 can be purchased
completed, for instance in the form of stepping motors,
where the radially innermost part of the shaft of the rotor
consists of an internally threaded nut which is accessible
from the outside. When the angle of the motor and, thus,
that of the nut are stepped, a threaded rod screwed into
the nut will move along the shaft of the rotor, provided
that the threaded rod cannot rotate by the action of a so-
called anti-rotation device. The rod will then move a dis-
tance which is the pitch of the thread per turn multiplied
by the change in angle counted in turns. Such stepping
motors are already available, such as "L5609X2008-
M6x0.5" from Nanotec GmbH. Similar motors with built-
in anti-rotation are also available.
[0045] In connection with a flexure according to the
present invention, no separate anti-rotation device is re-
quired, provided that the link mechanisms 46 and 48 are
sufficiently torsionally rigid. The flexure itself can, since
none of its bending axes even has any component along
the x axis, torsionally rigidly resist the torques around the
x axis which come from the two actuators via the link
mechanisms.
[0046] A conceivable inexpensive actuator with a link
mechanism can also be composed of an ordinary step-
ping motor with a homogeneous rotor shaft, an internally
threaded sleeve attached to the rotor shaft, one or more
lengths of a threaded rod with a suitable pitch, and one
or two universal joints.
[0047] For instance, a 200 steps stepping motor, an
M3x0.5 rod and what is referred to as whole stepping of
the stepping motor make it possible to achieve 2.5 mi-
crometres resolution of the actuator. If so-called micro-
stepping is used in the control of the stepping motor, the
resolution can be reduced to half, a fourth and even an
eighth of the 2.5 micrometres. However, microstepping
can be less reliable with great frictional couples, which
in this case could be caused by great returning forces of
the return springs 50 and 51, respectively.
[0048] By flexures with return springs being used and
by fast stepping motor actuators being used, the two-
dimensional positioning of the microscope slide can be
made quick and practically free from reversing jumps and
post-oscillations.
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Positioning of the Flexure

[0049] The position in the x and z direction of the first
platform 41 is unambiguously determined by the x posi-
tions of the left ends of the link mechanisms 46 and 48.
The x positions of said ends are in turn determined un-
ambiguously by the states of the linear actuators 47 and
49. The position of the first platform in the x direction is
affected with good approximation only by the state of the
first actuator 47. By way of a suggestion, the state of an
actuator is defined as the instantaneous distance along
the x axis between a point on a part, movable along the
x axis, of the actuator and another point on an attachment
of the actuator.
[0050] Focusing, i.e. adjustment of the z position, can
occur in at least two different ways. One way is to use
only the first actuator 47. Then only the first platform 41
is moved, and it is only the angle of inclination of the
upper partial flexure that is affected. This gives a rela-
tively high gear ratio and, thus, a fine resolution in z.
However, the high gear ratio is achieved at the price of
a certain undesired movement in x, which probably can
be compensated for by assembling consecutive camera
images.
[0051] Another way is to focus by using only the second
actuator 49. Then both the first 41 and the third platform
43 are moved. In general, this way gives a lower gear
ratio than the first way stated above. The reason is that
the angles of inclination of both partial flexures are
changed, which means that both partial flexures will
change their extents in the z direction.
[0052] Since the two partial flexures are cascade-
mounted, these changes will be added, with signs. How-
ever, if the centre lines of the bending means in the two
partial flexures are inclined in the same direction, one of
the partial flexures will, in a method according to this sec-
ond way, increase its extent in the z direction while the
other decreases its extent. The decrease and increase
will then, wholly or partly, balance each other, and there-
fore the result will be a very small movement in z for each
movement of an actuator. The gear ratio will thus be high.
[0053] What limits the practically usable range in x and
z of the arrangement is in the first place not which posi-
tions can purely geometrically be achieved, but which
gear ratio of the z movement is acceptable. Basically,
the more perpendicular to the platforms the centre lines
of the bending means are, the higher the gear ratio, i.e.
the ratio between a change in length of an actuator and
a corresponding change of the z position.
[0054] With a distance of, for instance, 40 millimetres
between the hinges in a partial flexure and with �15 de-
grees maximum angles of inclination of the same, it is
possible to obtain a range in x of �11 millimetres, and
within a range of about 600 micrometres in the z direction,
obtain gear ratios of the z movement which everywhere
are higher than 2, when positioning according to the sec-
ond way stated above, and higher than 4, when position-
ing according to the first way stated above. With the same

geometry, a gear ratio is obtained, which, within a range
of about 300 micrometres in the z direction, everywhere
is higher than 6, in positioning according to the first way
stated above.
[0055] By using combinations of actuators where the
two actuators each have a suitably selected resolution,
the difference between the states of the first and the sec-
ond actuator can be varied with a resolution which is low-
er than the minimum resolution of the individual resolu-
tions of the actuators, provided that the two actuators are
used in the z positioning. Such a construction can give
a still finer possible resolution in the positioning of z than
when using two actuators with the same resolution that
are used according to the first and second ways as stated
above.
[0056] It is quite possible, as a function of the physical
measures in one embodiment, to deterministically ex-
press how the state of the first actuator 47 depends on
the x and z positions of the first platform 41. It is then
possible to convert the positions into x and z coordinates
for the left end of the link mechanism 46. With knowledge
of the geometry of the link mechanism 46, it is then pos-
sible to calculate what state the first actuator 47 should
have. Given the x and z positions of the first platform 41,
there are then two x coordinates of the second actuator
49 that fit. Which two are preferably calculated according
to a method for iterative solution of a non-linear equation
that describes the problem or quite simply by looking it
up in a table. Thus it is quite possible to move, with a
single command, which by a calculating means is con-
verted into actuator movements, the first platform 41 from
one position in x, z to another desired position in x, z.
[0057] During scanning, in connection with fine focus-
ing, it is possible to compare requested changes in the
z position with the estimated actual changes in the focus
direction, of which what is called an absolute focus meas-
ure can make estimates. The comparison can provide
valuable information about the state of the flexure. For
example, it is possible to make a rough check that the
actual positions in x and z, which affect the gear ratio,
are the intended ones. Examples of absolute focus meas-
ures are given in WO 01/11407, A2 and WO 02/39059,
A1.
[0058] In Fig. 5, the first actuator 67 is, as mentioned
above, mounted so as to follow the movements of the
third platform 63 along the first direction. Thus the x po-
sition of the first platform 61 along the first direction will
depend on the states of both the first 67 and the second
69 actuator. The displacement between the two bending
means in the x direction is maintained substantially in-
dependently of the state of the second actuator.
[0059] Fig. 6 shows an alternative example where the
second platform 82 is mounted relative to a stand 91 by
a linear bearing 90. The second actuator 89 is connected
to the second platform 82, which thus can move relative
to the stand 91 at least along the x direction. This em-
bodiment allows a very great x range with a maintained
high gear ratio in the z direction. The drawback of this
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embodiment is that the bearing 90 can cause problems
with play and friction. If this embodiment is z positioned
according to the first way stated above, i.e. while using
only the first actuator 87, the bearing will not have to
move during the actual z positioning. Also in this case,
the displacement between the two bending means in the
z direction is maintained substantially independently of
the state of the second actuator.
[0060] Fig. 7 shows an alternative example where the
second actuator 109 acts directly on the two bending
means 104 and 105. Also this flexure can be said to con-
sist of two cascade-mounted partial flexures, which meet
each other at the level of the second actuator. As the
length of the second actuator is changed, the two bending
means will be actuated in different directions. The dis-
placement of the two bending means along the x direction
will depend on the state of the second actuator and result
in the first platform changing its position in the z direction.
The function will be approximately the same as for the
flexures shown in Fig. 4 and Fig. 5, although the way of
constructing the flexure is different.
[0061] Fig. 8 shows a variant of the flexure arrange-
ment in Fig. 4. Here the first platform 44 has been ex-
tended so that the objective 53 and the object 52 can be
arranged offset in the lateral direction (x direction) in re-
lation to the bending means 44, 45 and the third platform
43. This means that the object 52 can easily be illumi-
nated from below. In the embodiment in Fig. 4, the illu-
mination of the object may occur, for instance, through
an opening in the third platform 43.
[0062] It is not necessary to use the same number of
separate parts as shown in Fig. 4. For instance, the left
bending means 44, the first platform 41 and the right
bending means 45 can be made in a single flat piece and
be folded before it is mounted on the second and the
third platform. A piece containing bending means or plat-
form can be composed by webbings of plastic being in-
jection moulded on a flexible film. The hinges need not
be homogeneous in the y direction, i.e. the hinges can
be narrower than the whole extent of the bending means
in y.
[0063] To replace the bending means 44 and 45 by
four hinges per bending means with continuously bent
beams similar to those in Fig. 2 could, as mentioned
above, result in difficulties in providing torque equilibri-
ums in the partial flexures. This means that, for instance,
problems with a changed inclination of the first platform
could arise. If the flexure is to be used in microscoping,
where translating positioning, i.e. positioning without
turning of the first platform and the object 52 connected
thereto, is desired, such changes in inclination could re-
sult in the condition that not the entire microscope image
will be sharp at the same time. Continuously bent beams
can, however, be so much easier to manufacture that for
some applications they can still be preferred to bending
means with hinges, for instance in connection with a flex-
ure according to the embodiment in Fig. 6, for which the
torque equilibrium is no problem.

[0064] In Fig. 4 the flexure is upright. This is advanta-
geous since there is much space in all directions above
the upper side of the first platform, which is appropriate
if the microscope system is to be equipped with a revolver
for two or more objectives. However, it is a drawback that
at least parts of the lighting arrangement must be accom-
modated in the space that is defined by the bending
means and the three platforms.
[0065] The flexure can also be suspended, in which
case the construction, except the objective 52 and the
microscope slide 52, will be like in Fig. 4 but turned upside
down. The holes in the platforms will then accommodate
objectives instead of lighting like in the upright flexure.
[0066] The y mechanism can be implemented with a
third partial flexure. It then has, of course, y as the primary
direction, while its secondary direction can be selected
freely in the x/z plane. If z is selected as the bending axis,
x will be the secondary direction, which is the direction
that has access to the largest possible range for com-
pensation of the undesired movements.

Claims

1. A microscope system, comprising:

an arrangement for two-dimensional translating
positioning of a first platform (41;61) along a first
direction and along a second direction which is
perpendicular to the first direction, character-
ised by a flexure comprising the first platform
(41,61), a second platform (42; 62), a third plat-
form (43; 63) as well as a first (44; 64) and a
second bending means (45; 65), which each
connect each of the first (41 ;61), second (42;
62), and third platform (43; 63), the first (41 ;61)
the second (42; 62), and the third (43; 63) plat-
form being relatively arranged along the second
direction with respect to each other, the first (44;
64) and second (45; 65) bending means being
relatively arranged along the first direction with
respect to each other and being arranged to be
bent around a third direction, perpendicular both
to the first direction and to the second direction;
a first actuator (47; 67), which has an adjustable
first length along the first direction and is con-
nected to the first platform (41 ;61) at a first point;
and
a second actuator (49; 69), which has an adjust-
able second length along the first direction and
is connected to the third platform (43; 63) at a
second point.

2. A microscope system as claimed in any of the pre-
ceding claims, characterised in that the third plat-
form (43; 63) is positioned between the first (41 ;61)
and the second platform (42;62).
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3. A microscope system as claimed in claim 2, char-
acterised in that the first actuator (67) includes an
attachment, the position of which along the first di-
rection has a constant difference compared with a
third point of the third platform (63).

4. A microscope system as claimed in any of the pre-
ceding claims, characterised in that an object (52;
72) is fixedly connected to the first platform (42;62).

5. A microscope system as claimed in any of the pre-
ceding claims, characterised in that an object (52;
72; 92; 112) is fixedly connected to the first platform
along the first and the second direction but movable
along a third direction, which is perpendicular both
to the first and to the second direction.

6. A microscope system as claimed in any of the pre-
ceding claims, characterised in that at least one
bending means is made integrally with one of the
platforms.

7. A microscope system as claimed in claim 1, char-
acterised in that at least one of the actuators is
connected to the flexure via a link mechanism (46;
48; 66; 68), which allows relative position changes
along the second direction.

8. A microscope system as claimed in claim 1, wherein
at least one bending means is made up of a beam
which is substantially uniform in thickness.

9. A microscope system as claimed in any of the pre-
ceding claims, characterised in that at least one
bending means comprises at least one hinge.

10. A microscope system as claimed in any of the pre-
ceding claims, characterised in that the primary
deflections of the bending means occur along the
first direction and that their secondary deflections
occur along the second direction.

11. A microscope system as claimed in any of the pre-
ceding claims, characterised in that the second di-
rection substantially coincides with an optical axis
(54; 74) in an optical imaging system in the micro-
scope system.

12. A microscope system as claimed in anyone of the
preceding claims, characterised in that the second
point is offset relative to the first point along the sec-
ond direction.

13. A microscope system as claimed in any of the pre-
ceding claims, characterised in that a first change
of one of the first and the second length causes a
second change of the position of the first platform
(41 ;61) along the second direction, and that a gear

ratio, defined as the sum of the first change divided
by the sum of the second change, at least for a first
number of combinations of first and second lengths,
is higher than 1.

14. A microscope system as claimed in claim 13, char-
acterised in that the gear ratio is higher than 2.

15. A microscope system as claimed in claim 13, char-
acterised in that the gear ratio is higher than 4.

16. A microscope system as claimed in any of claims
4-15, characterised in that the object (52) is ar-
ranged offset in the first direction in relation to the
first (44) and second (45) bending means and the
third platform (43).

Patentansprüche

1. Mikroskopsystem, das Folgendes umfasst:

eine Anordnung zur zweidimensionalen Trans-
lationspositionierung einer ersten Plattform (41;
61) entlang einer ersten Richtung und entlang
einer zweiten Richtung, die senkrecht zur ersten
Richtung ist, gekennzeichnet durch eine
Durchbiegung, die die erste Plattform (41; 61),
eine zweite Plattform (42; 62), eine dritte Platt-
form (43; 63) sowie ein erstes (44; 64) und ein
zweites (45; 65) Biegungsmittel umfasst, die je-
weils jede der ersten (41; 61), zweiten (42; 62)
und dritten Plattform (43; 63) verbinden, wobei
die erste (41; 61), die zweite (42; 62) und die
dritte (43; 63) Plattform relativ entlang der zwei-
ten Richtung in Bezug aufeinander angeordnet
sind, wobei das erste (44; 64) und das zweite
(45; 65) Biegungsmittel relativ entlang der er-
sten Richtung in Bezug aufeinander angeordnet
sind und angeordnet sind, um eine dritte Rich-
tung gebogen zu werden, die sowohl senkrecht
zur ersten Richtung als auch zur zweiten Rich-
tung ist;
ein erstes Betätigungsorgan (47; 67), das eine
entlang der ersten Richtung verstellbare erste
Länge aufweist und an einem ersten Punkt mit
der ersten Plattform (41; 61) verbunden ist; und
ein zweites Betätigungsorgan (49; 69), das eine
entlang der ersten Richtung verstellbare zweite
Länge aufweist und an einem zweiten Punkt mit
der dritten Plattform (43; 63) verbunden ist.

2. Mikroskopsystem nach dem vorhergehenden An-
spruch, dadurch gekennzeichnet, dass die dritte
Plattform (43; 63) zwischen der ersten (41; 61) und
der zweiten Plattform (42; 62) positioniert ist.

3. Mikroskopsystem nach Anspruch 2, dadurch ge-
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kennzeichnet, dass das erste Betätigungsorgan
(67) eine Befestigung umfasst, deren Position ent-
lang der ersten Richtung eine konstante Differenz
im Vergleich zu einem dritten Punkt der dritten Platt-
form (63) aufweist.

4. Mikroskopsystem nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass ein
Objekt (52; 72) fest mit der ersten Plattform (42; 62)
verbunden ist.

5. Mikroskopsystem nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass ein
Objekt (52; 72; 92; 112) entlang der ersten und der
zweiten Richtung fest mit der ersten Plattform ver-
bunden aber entlang einer dritten Richtung beweg-
lich ist, die sowohl zur ersten als auch zur zweiten
Richtung senkrecht ist.

6. Mikroskopsystem nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass min-
destens ein Biegungsmittel einstückig mit einer der
Plattformen hergestellt ist.

7. Mikroskopsystem nach Anspruch 1, dadurch ge-
kennzeichnet, dass mindestens eines der Betäti-
gungsorgane über einen Verbindungsmechanismus
(46; 48; 66; 68) mit der Durchbiegung verbunden ist,
wodurch relative Positionsänderungen entlang der
zweiten Richtung ermöglicht werden.

8. Mikroskopsystem nach Anspruch 1, wobei minde-
stens ein Biegungsmittel aus einem Träger besteht,
dessen Dicke im Wesentlichen einheitlich ist.

9. Mikroskopsystem nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass min-
destens ein Biegungsmittel mindestens ein Gelenk
umfasst.

10. Mikroskopsystem nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass die
primären Durchbiegungen der Biegungsmittel ent-
lang der ersten Richtung erfolgen und dass ihre se-
kundären Durchbiegungen entlang der zweiten
Richtung erfolgen.

11. Mikroskopsystem nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass die
zweite Richtung im Wesentlichen mit einer optischen
Achse (54; 74) in einem optischen Abbildungssy-
stem im Mikroskopsystem übereinstimmt.

12. Mikroskopsystem nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass der
zweite Punkt in Bezug zum ersten Punkt entlang der
zweiten Richtung versetzt ist.

13. Mikroskopsystem nach einem der vorhergehenden
Ansprüche, dadurch gekennzeichnet, dass eine
erste Änderung einer der ersten und der zweiten
Länge eine zweite Änderung der Position der ersten
Plattform (41; 61) entlang der zweiten Richtung be-
wirkt, und dass ein Übersetzungsverhältnis, das als
die Summe der ersten Änderung geteilt durch die
Summe der zweiten Änderung definiert ist, zumin-
dest für eine erste Anzahl von Kombinationen erster
und zweiter Längen höher als 1 ist.

14. Mikroskopsystem nach Anspruch 13, dadurch ge-
kennzeichnet, dass das Übersetzungsverhältnis
höher als 2 ist.

15. Mikroskopsystem nach Anspruch 13, dadurch ge-
kennzeichnet, dass das Übersetzungsverhältnis
höher als 4 ist.

16. Mikroskopsystem nach einem der Ansprüche 4 bis
15, dadurch gekennzeichnet, dass das Objekt
(52) in der ersten Richtung in Bezug zum ersten (44)
und zweiten (45) Biegungsmittel und zur dritten Platt-
form (43) versetzt angeordnet ist.

Revendications

1. Système de microscope comprenant :

un agencement pour positionner par translation
bidimensionnelle une première plate-forme
(41 ; 61) dans une première direction et dans
une deuxième direction qui est perpendiculaire
à la première direction, caractérisé par un dis-
positif de flexion comprenant la première plate-
forme (41 ; 61), une deuxième plate-forme (42 ;
62), une troisième plate-forme (43 ; 63) ainsi
qu’un premier moyen de courbure (44 ; 64) et
un deuxième moyen de courbure (45 ; 65), cha-
cun se reliant à chacune de la première plate-
forme (41 ; 61), de la deuxième plate-forme (42 ;
62) et de la troisième plate-forme (43 ; 63), la
première plate-forme (41 ; 61), la deuxième pla-
te-forme (42 ; 62) et la troisième plate-forme
(43 ; 63) étant agencées relativement dans la
deuxième direction l’une par rapport à l’autre, le
premier moyen de courbure (44 ; 64) et le
deuxième moyen de courbure (45 ; 65) étant
agencés relativement dans la première direction
l’un par rapport l’autre et étant agencés pour être
courbés autour d’une troisième direction per-
pendiculaire à la première direction et à la
deuxième direction ;
un premier actionneur (47 ; 67), ayant une pre-
mière longueur ajustable dans la première di-
rection et étant relié à la première plate-forme
(41 ; 61) à un premier point ; et
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un deuxième actionneur (49 ; 69), ayant une
deuxième longueur ajustable dans la première
direction et étant relié à la troisième plate-forme
(43 ; 63) à un deuxième point.

2. Système de microscope selon l’une quelconque des
revendications précédentes, caractérisé en ce que
la troisième plate-forme (43 ; 63) est positionnée en-
tre la première plate-forme (41 ; 61) et la deuxième
plate-forme (42 ; 62).

3. Système de microscope selon la revendication 2,
caractérisé en ce que le premier actionneur (67)
comprend une fixation dont la position dans la pre-
mière direction a une différence constante par rap-
port à un troisième point de la troisième plate-forme
(63).

4. Système de microscope selon l’une quelconque des
revendications précédentes, caractérisé en ce
qu’un objet (52 ; 72) est relié de manière fixe à la
première plate-forme (42 ; 62).

5. Système de microscope selon l’une quelconque des
revendications précédentes, caractérisé en ce
qu’un objet (52 ; 72 ; 92 ; 112) est relié de manière
fixe à la première plate-forme dans la première di-
rection et dans la deuxième direction mais est mobile
dans une troisième direction perpendiculaire à la
première direction et à la deuxième direction.

6. Système de microscope selon l’une quelconque des
revendications précédentes, caractérisé en ce
qu’au moins un moyen de courbure fait partie inté-
grale de l’une des plates-formes.

7. Système de microscope selon la revendication 1,
caractérisé en ce qu’au moins l’un des actionneurs
est relié au dispositif de flexion par le biais d’un mé-
canisme de liaison (46 ; 48 ; 66 ; 68) permettant des
changements de position relatifs dans la deuxième
direction.

8. Système de microscope selon la revendication 1,
dans lequel au moins un moyen de courbure est
constitué d’une traverse d’épaisseur sensiblement
uniforme.

9. Système de microscope selon l’une quelconque des
revendications précédentes, caractérisé en ce
qu’au moins un moyen de courbure comprend au
moins une charnière.

10. Système de microscope selon l’une quelconque des
revendications précédentes, caractérisé en ce que
les déviations primaires des moyens de courbure
surviennent dans la première direction et en ce que
leurs déviations secondaires surviennent dans la

deuxième direction.

11. Système de microscope selon l’une quelconque des
revendications précédentes, caractérisé en ce que
la deuxième direction coïncide sensiblement avec
un axe optique (54 ; 74) dans un système d’imagerie
optique dans le système de microscope.

12. Système de microscope selon l’une quelconque des
revendications précédentes, caractérisé en ce que
le deuxième point est décalé par rapport au premier
point dans la deuxième direction.

13. Système de microscope selon l’une quelconque des
revendications précédentes, caractérisé en ce
qu’un premier changement de l’une de la première
longueur et de la deuxième longueur provoque un
deuxième changement de la position de la première
plate-forme (41 ; 61) dans la deuxième direction, et
en ce qu’un rapport d’engrenage, défini comme
étant la somme du premier changement divisée par
la somme du deuxième changement, au moins pour
un premier nombre de combinaisons de la première
longueur et de la deuxième longueur, est supérieur
1.

14. Système de microscope selon la revendication 13,
caractérisé en ce que le rapport d’engrenage est
supérieur à 2.

15. Système de microscope selon la revendication 13,
caractérisé en ce que le rapport d’engrenage est
supérieur à 4.

16. Système de microscope selon l’une quelconque des
revendications 4 à 15, caractérisé en ce que l’objet
(52) est agencé décalé dans la première direction
par rapport au premier moyen de courbure (44), au
deuxième moyen de courbure (45) et à la troisième
plate-forme (43).
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